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Quantitative Evaluation of *"Tc-GSA for Fatty
Liver and Ischemia-Reperfusion Injury in Rats

Mitsunori Kimoto

| “™Tc-GSA (GSA)liver scintigraphy was performed in rats
with fatty liver and ischemia-reperfusion injury to study the
usefulness of GSA in evaluating these pathological processes.

Fatty liver was produced by feeding rats a choline-defi-
cient diet. The rats with fatty liver were divided into five
groups according to the length of the diet (controls, two weeks,
six weeks, 10 weeks, and 12 weeks). In the rats dieted for
two weeks and six weeks, regional hepatic ischemia was also
induced by clamping the left hepatic artery and the left por-
tal vein for 10 minutes, then reperfusion was performed for
15 minutes.

GSA was administered via the IVC. too, or the time at which
the liver time activity curve reached ninety percent of its peak
value, was used as an index of GSA hepatic uptake, Ku and
Kd, determined by two compartment analysis, were also used
as indices. In rats of the fatty liver group, we confirmed
microscopically that various degrees of fatty infiltration
existed according to the diet period, and teo became signifi-
cantly longer according to the severity of fatty infiltration.
Ku and Kd also decreased according to the severity of fatty
infiltration.

In the rats with fatty infiltration and ischemia-reperfusion
injury, teo also increased according to the severity of fatty
infiltration, becorning longer than in the rats without ischemia-
reperfusion injury.

Quantitative analysis of GSA liver scintigraphy was use-
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HI 7 bV MFETNVT I VI FLMN)T
FEERET 7 #F 7 4 (P"Te-GSA) I, ¥ MIET V7 3 i
ALHICH S 7 b— AR AL ABEERAL, &
EROTH#E N> T HiEAEFL— M, YxFL |
)7 3 2 AR (DTPA) " &8 A L -G EEEMSTH D
ALEO - OATFET AT > TOEEA LT ¥ —
(ASGP-R)VIZEANER A L, FrHEfE % EIERU 2% M
ZHIAEETH 5.

TEIEAT (XRERAY I IE B IR ONAHETH Y, ﬁﬁ
EHRAERLCTRAEIZL VAR BRI SN L Z EHE VAT,

DYy DR T ﬁF@Hmfio%w$E%MAuka
L\, O"Te-GSADE 3 HIRRAR SR T 134 175G P IR AT
DIEGNE 6 FIDATH DY, 9Tc-GSAF> »F 757 11
BRI O IR 250 BFIEZE 7 & OB PR B TET S

ZENE L, BBz TOERM LREIIR O
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x 72, WBHEEO F I — OO RAFRR, a3 v
7 WD I E Tl IR B2 C %  FRETI
OIS LRI L 2 5, BHSYIXIER T v MET, #
J5 S HIEM S 7 v NI THF R E NIRRT
i 499 Te-GSA % IV CREli L T 5. 4[], #*mTe-
GSAIZ & DG, & SIZHEIIFC BV 2 B AR &
A EE 5 v PR TERMNIZFHMGTIT- 72,
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ful for evaluating fatty liver and ischemia-reperfusion injury. |
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1. EBEWS L UERETIER

WistarRHEME S » b (250-350g) % FIvy, BEEGHFE 7V O1E
WciE, 3 YREZRERGH) 27 VR TR 2 EE
2470 PEIGFE VIR, o) O RZERFNFRL2 A
1, 480, 6ME, 10HMB L I2EMES Lzbor,
FhEh 2 B, 4588, 6AR, 100EEE X U2 HEE (%
Brdbn=6)& Lz, £/, EHBOBEIEGFZERSE-D
DM EEm=6) & L, BilE7FVE LT, FEENIF
F v MIBMBFEREIT o728 0h=5), BLUa) X RZ
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B Zh T2 B L0 6 AMHS L7725 v MBI
ERETo7 B (FNFhn=6)%&E L. BllTFIL
&, 7 F PUEEATICEFBIAR B & OPIIRAEA: % IS8 F
WCTI0RE 2RI L, 1ISOPRER SEAZ LIz b /Em
L7z
2. 9¥™Tc-GSA % BV /o485
1) F—2NEHZE

7y PEEMIICEE L —F VEETICEE L.
YFHAFGRE S F—)LaN) X — & %35 L 7-PHILIPSH- 5
DIAGNOST-CZfER L, L&, HFiREEI G IC A%
LD IEEFGE LT, P "Tc-GSA1T0ug/kg % FTAEHRE b
SOREHEL, BIFEBZIVT M) v 2 294 Xed 64, B
54 7L —AT, 5H207 L — 4, 305 EERET 4 F 3 v
7 TF— 5 OYEEITo 7,
2) F— 2B AHE

77— & JLEE I ZIZPHILIPS # #gamma processor 673 % f# H
L7z, JFiE®s & OV RICh e REL, 2V T
YAHMBEBOBOEHRL, FOZ20 75> AWEH,S
PnPe-GSADFHEFDIFIE £ L TWoodle 57 DA & FiE
2, BRKAT Y FPOWNWBICETEETICEL MMt &
L7z (Fig.1). 722075 AL, 58 0 L [FE
FkIZtwo compartment model & L, E&RERS & b FFOMH
HKe (1/min), LFEEHKr(1/min) %8/ 2 FTEIC L D EH
L, INSHDOEMEFHHEHE DD S FFENZEKu (1/min)
B L OVHEFEK (1/min) %R 7 (Fig.2).
3) IBHERT & 2 W SR MBEERIC & 2 ATAFAREE S RI/NS X
— 2 (BT B85

BERERFE 7N T a) Y RZEDIES A E two, Ku, Kd
EDBRERE L:. FLEBMEFVTIE, BLEERY
179 2L B BLIZOWT, 5123 Y REERS
TR E oo DRAFR D FRFS L7z,

too, Ku, KADENZNDINTG A= 2D0T, SEEMO
A EAEME 21K ruskal-Wallis test %, ZEEMOAZERE
{Z1ZMann-Whitney's U test % 27z,

4) RIINT % — 2 B DOABRIME DR 5T

to, Ku, KdD/3F A —F | ZDWTHEIZEED D 2 H 75
PEBREFTAH720, twkKu, twéiKde OAHR O A B
4T, MHBERECE S LRET L /2.

3. RIBMEGFAOMRE

1) H-EZEIC & 2 REBEESE R

FERERFE TN CIE Y » F 7 7 A iiie sk, FRaLgE% i L
720 RN EER, H-EREIC TREBHIRSEN 2 H &
FTo7-.

2) IRERIEMBZFRIFR R E RIS X — & & OBIZR O
WEERIETR & L Ca) BRIGILAE, b)BREDIME, o)#
HLE L DB, BOBDTwofli & B 7.

a) BERb LS

FHARE D 9 LERRLH % &4 T 2 MlOE& 200 —75%®
75—100%D 2 BEIZ404T, too & BYE % Mann-Whitney's U
testZ W THEERER T 7.

b) $EREDI/IE
HREOHMEDFR DB D LWL DD 2 BEIZH
i, too& OB % [FHf:IZMann-Whitney's U testz IV TH &
EWEEIT- 7.

c) ##E(
PAELOREIC L VLo R Wiz nwb (=), bTh
WKL R RO 2 b0 (1), BAEOREERIIHL D
(+), BNEOERLTUELD02+)D 4 BIZHT, twk®
A8 % Spearman AL HIBIRENC & W #E L7z,

100 F------- 7/-—'—“—'_.___:_‘_-__-_-;::_:_ -------------
a0

PERCENT DOSE (%)

0
o0 TIME (min.) 20

Czf--

_ Kd __ Ke
[ Plasma ]———)" Eiver—l——)-l Extra hepatic space
Kr ‘ Ku

Cor-al
‘)T-.___ Ke
E -.__“-._._‘__“_““-“
Ku !
. Kd
-== >:“:‘y—._____________ i
Kr i ;
t t

Liver clearance curve
Cl (t) =Co (ge —gku)

Heart clearance curve
Ch (1) =Cie*® 4 Cog*n

Fig.1 te”, an index of hepatic uptake of Tc-GSA, is the time at  Fig.2 Compartmental scheme for the distribution of Tc-GSA. Each curve

which the liver time-activity curve reached 90% of its peak.
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was analyzed by the two compartment model®.
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1. BEBRSIFETIVERINS X —42 EDESE

i, ZRHMTHEEZELGR SN (p<0.0001). 7z,
XHHREEE BOBO 6 8, 10088EE X 1288 L M, 48
BEL 6B oM, 1088 L 1288 L O], 2 L BO
BO 6 BB, 108FB L1288 OM, 4EAFELBOB
D10AH B L1288 & O, 6ERE L 1288 L ORICHTE
ENRSN(p<0.05, fliidp<0.01), IV X RZEHS5HEL
H5bE Z NENEIFORREDHEL 2 DN T, toofEIZELREAYIZHER: |
7> (Fig.3(A)).

Ku (FHERR) b [0, SHETEEENRONZ(p<
0.0005). F7-3HREE L BOBO 6 EEE, 1088 L O, 4
WBEE 6 EHEEL OR, 2RTEL BOBO 6 AR, 1088 L
DM, 4 AL BOBO 6 BE, 1085 L OMICHEEN
Ron('p<0.05, filidp<0.01), IO 2D
T, Kuffild@d L7 (Fig.3(B)).

Kd(:DLiHEFE)Th, SZHETHEESRON(p<
0.001). T/, WML BOBD 6 AR, 1085 L O,
4 BBEL 6 AR L OM, 2 AL BOBO 6, 103
HLof, 4 BB BOBD 6 AR, 1088 : OMICER
EHNR LN (p<0.05, fbidp<0.01), KdfEidb BRI
L Two7z(Fig.3(C)).

2. EMEERETIVERIST A —2 EDEEE
I MFRER T 7B VT b oo BIXIEIFITFOIREEASED 2

SNTEELTEY, SHMIZBVT(p<0.05), B U
MEL o AL OMICEEENA LI (p <0.01) (Fig.d
(A))

FFERMEFN & RIMFRERE TN 2 BT 5 &, &
B, 2 BB IV 6 BAIEICBVTBOBOIERMEE & &
IMmE & ORICHEEEDIR 517z (p <0.05) (Fig.4 (B)).

3. RI/NT X —- 2 ORI DIEET

too & Ku® B2 I Z 0 WA R (r= - 0.938) PR &/
(Fig.5(A)). #7ztoo EKAD MBI b [AIFRI 5l AHBBIGR (r = -
0.906) 4R &N 7z (Fig.5(B)).

4. RIS ERET

FREEHLEE I AR BT R E LTIE, 2BBETHE, Bl
TR ] B D PR e DS & < R7-MUBRBEZ (% & B
ThAAS, INERLL B RNOREI#EF RSNz, 6
JEBETIE, NEERNH 2B & LZIRIREIESEE & &Y
PRI E AICILASY, BREOSELD R Hh Tn
7. 1088, ANERLH D S ANBER LI OMUHE LA
Roh, BAERROGHERLEL LR, 1288 T
1, BANETRER RS LEmEORMBELASR SN DNE
Moz,

TREHA IR ERINT A — ¥ EOMROEE 2172
y Kl e .

a) fERHILHE

toofiE i, 0—75%HET265.8 + 49.4sec., 75— 100%F T

563.4 +265.5sec.TH Y, HEENE SN (p<0.0005).

ER 84 H25H

p<0.0001" p<0.001"
e T e SRR, b , e
0_'? -
L o ; I { + Kruskal Walls test
i sl
800 2 os| :
3 600} E o4l l
H ! 2 oaf 1
= 400+ l =
b ; | 0.2
2001 04F
0 T T T T T T 0 T T T T T
Control 2 Weeks 4 Weeks 6 Weeks 10 Weeks 12 Weeks Control  2Weeks 4 Weeks 6Weeks 10 Weeks
p<0.0005'
08 ] A C
0.5¢+ ] i . .
=
= 04
§ l B
2 03} .
0.2+
01
Fig.3 Correlation of tsa(A), Ku(B),and Kd(C)with the period of
0 ' ) ) ! v the diet. teo became significantly longer according to the fatty in-
Coniroll 2 Wesks: @ iesla * 6lieeks {0 Weeks filtration severity. Ku and Kd also decreased according to the
fatty infiltration severity.
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p«<0.01
p<0.01 '
1200 ' : 5
p<0.05
1000 -
g soor p<0.05 -
< 600 {
= 3 p<0.05 |
400 7
= [
200 rL_
0 T T T T T T
Control Ischemia 2 Weeks 2 Weeks & Weeks 6 Weeks
+Ischemia +lschemia

= Kruskal-Wallis test
1200 p<0.01
[ |
__ 1000 F
3]
3 800+
B
600 -
400 +
200
0 T T T
Control 2 Weeks 4 Weeks
(A)

(8)

Fig.4 tso also became significantly longer accoding to the fatty infiltration severity in the rats with ischemia-reperfusion injury (A), and

became longer than in the rats without ischemia-reperfusion injury (B).

[ Y=0.764-1.10x10"3X

0.6 8o r=-0.938
\ . p<0.0001

[=]
w

T

o]
e
(e o]

Ku (/min)
(=] (=]
w 'S
T T T
cO
&

o)
R

500 600

=)
o

400
tao(s)

200 300

(A)
Fig.5 tsoand Ku(A), tso and Kd(B)well correlated.

b) FEREDR/ME

toftild, RAMED 2\ FET265.8 + 49.4sec., F/MED D
AT TS563.4 £265.55ec. THY, FEEIFRON(p<
0.0005).
c) ¥R#{t

ol & MAELD A 27 L DRIIE, HELAHBEBRIRS
h7z(p < 0.0001) (Fig.6).

% &

B ERR A (R IS RO N BB TH B, JEIIT
DIRE & LT 7 V3 — vk, HRAE, BF%E, K
#, FTOMUTIRIGINT, ReyelEfElt, A7 04 M52k
bbD%E)NH L. BIFOS (IFERIBITTAZ L
3wy, R - AESGEEICR S W5 BRI
TR RAT S B ReEATH 52 0 £ 7-BERIF IR B D
PUZORIE L 2 0, 45128 E O IREGIT I3 B A% Dprimary
nonfunctioning & DL IR SN T 5, [FBHOED K
T—DREIIFORBEIZL Y, Fr—0BRKELHIT2 Z
EEFRTLIERLH LW,
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08 o Y=0.899-1.32x 103X
o o r=-0.906
: ‘\\g 8 p<0.0001
~ 06} 8 o
N
o VF o c\
¥ 1 o)
04f AN
4
03 \O’\
o) bCL 8
0'2 L 1 1 1 i 'l 1 1 :Q\\ 1. ]
200 300 400 500 600
1 (s)
(8)
1200
p<0.0001 o
1000 - g
o]
BOO
. o]
\.‘% 800 = =
-— o o g
400 - o o o
200 + g 8
0 - 1 1 - 1 L I
(=) (+) (+) (2+)
fibrosis

Fig.6 te became longer according to the severity of fibrosis.

FEMIF BT 2R > F 79 7 4 OEEIER LTS B
V. CTIEBWTAY BRI b 6, v F
77 7 4 SO REIZHZT 2, W27 F UL B
Y F 7T 7 4 TAE) GO H Dspared area & Bbih b
AL ORIFAEIEMOFE L H DY, S 5128 XKeZ HOTH
HE1r) &, RO IS L TRIERAEINT 5 2 &
PEEFTLIRMWENTED, ThIZL2FOIRERKE S

HARERSRE #s56% H5%5
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DWW TDERMFHHEORA S TbITWAHW, Lh LIEHT
2B LA E, FFPMEET IR L TO” Te-GSAIZ
LB ERMRFIIR SN2,

WHFLIED ISR L2 I XASGP-RATHAE L, IMA OHEE
B & HRRICEES LIFRAIC D AATE D, ASGP-RIZ
R8BI 2 EEEEHIES L5, LR Lo
MAFEER T, FHEDETIZ, H4 DM OBERT
TiE& {, BEETLMREEOBRIIZEELENTVS
191 E ORI EEE X £ Ol EDASGP-RDIHETH
D, ASGP-ROIBEILEATLHZ &Ik D, EBE, 2HFE
RPFRELE e OB TIZASGP-RASHA T 5 Z LA HI6 1
TWA!T, 9T .GSAIZASGP-R & ERBIEE LY,
TN AT N B 7:0, FRERE % BT % % B1#
W AT B e U R EE M T 519 19,

WnTe-GSAFF »F 45 7 4 Tid, FFTRE% G 545
& L CHHEIEELHLLS, M iESERHH S A ERERAYIZ I
Aw o TWARY: W19 Fi-fnigiEe LCid, HlLR
WELEET LA, Kawa b Michaelis-MentenTIFERTE 5
TYN—= A PETNMILY, FMLTEQ)B L (2%
AT X BO"Te-GSAD) e KRS (Rmax) # KO T W5
0

SRIOBETIBWER T HY, 232 /8— AV FETF
M &) FFEDRKuB L OUHRSEK R RO 72, E72, &
DERIGEE LTHDO 2 Y75 AL VKA Y >
FD90%IZETH T TIZEL kMo RDAz. Z0iE
B, 39 Y RZADORG B Z BRI ORESHED 2
ONT, toldiLf L, FHEIEEKuB L LHEFRKAIZBO
BOBY L7, REFHRH SHLETERL L, IEHIF
6 BRI % & CHEREIF A I  E 5 BETOZERTO
e B L Twa EEL oM. FhtoldFos )7
G AMBOARDSROLILDTELIFETH Y, M
LT DUED WS, 4 EKuB L UKd & b &V IR
AR TE, MEIrOFRLBELEZON. 2O
BOBMBERE TV TIZIBEL L Tuod i 2 Hi:.

Ty MIa) yRZEXHGTHI LI X Y IR
BL2HS, O YRZIRETII) VIREDOEHRAEES L
HZ LIZ& B E Y REE (VLDL) DR BRI %
7L, MIZVET A FORDLMAP~OH %A EE S
n, FRZr) 70294 FERPELLESNTWAEY, O
)y RZEGEFMEORRIIRE 2R CETL, A
Sz XA, BN 2 BB I NERE R
F& LTKEHEHEYEEICRONL L1242, SHET
FF/NZEROHT IS, RIS OERIR % o & T A AR L ST
L, 8 BALEIZIZALEIRAE LR B & OPI RIS B O #5AE
RS S % /NS SR D H AT & 3 5 PR g A L 72 &
LTWwWaY, SHOBEFTh ) Y REEOFS A% 2
HIEIEIWBEORL S ZIRIITF2/ER L, MBI
LEERR L7225, 2, 4, 6 AR CIIENIFOREESR SN
10 B X O 1288 TR ML O E{ES R 5 h
72, AREIDPTc-GSAD K/ ST A — # LA F I O

FHE 84 H25H

WED VIR L VR4 IR T - TB Y, FRBiArE
MWTHF TR T OGS L L E X Hhi:.
ZIZTaY Y REZEHGRBOL I WETIIEGEE I
DI OBREDHBLBETELVWEEZOLNLD T,
2 YRZERSEFIE U TRL HREE ORI A E
SNBEVIFHEEL ZPRFIET 55, HREERTR Stk
DEEDORET B IT o 72, wold, PEIFILE0—T5% 8B &75—
100% 8L OB TIXEEENF DY, R0 EIHEMEIC X 25
EEFEREIZG S EwldER L. T EORE Stk
DRI MHEAR O N, JREHZEMEC & 2 BEOJFRIE D5
FRIAAERF A2 72 5 F TOMIE Tl IER L THBY, 2)
VRZESGA L AWE L AROBREIHER S N
fetiABloa) Y RZEESRBIERENTHY, T
v F LIHRIAIF £ R TRERELIG & JEBURET L T 3
bIITIRZVOT, ZhiEH FTEEZIZTELW
T ORNFEREEX, 3y 2 BoOFEESHE
T ORZHAF 2 ECIRERELMETH 5. AR
Bz bR s DI, BRRMICIZ a3y 7, AL, DICR ED
FEME |- HENR SN vvvb® Znon-occulsive state’
BERBIZIZZ VW EEZ BN LHT, FFEHIERIZ (Locculsive
state|Z & AREEATEZ B, F oMM M1 T A <
I FR R b EEASER S 5 2 & (dJennings 5212 & V) i
ENMTwa, B TOERMFEREEEOHRER L L Tid
RSB L BRHLIEE D5 A57RgE ST\ 5232,
B OVIEFT y MFCENFHETEET VR ERL,
¥mTe-GSAIZ & AEFMi 247> TV 245, AEIIBRIFIFIZ
BIEMEEREEOCE LM T 5720127 v MEIFIC
I PR L &R L Te-GSA TOEHE % A4 72. H
AT, BREEIFR 7 Vo — VHERFREE TR S F
DEREE 2 5 2 VWBEOEEDREHS {, MO F
F—& U TR % & DR QI REED D 5 56 158 L H
Edpb vy ML OGNS, F 1 OEBRTIIEFE
FINOFA % 4T - 725, 82 OREHE FF— 2 RIiIF T
S GE O BHMRORMAKELHEL TIT-oTBY,
OB MEEREFVOERIZIE, EIFBIRS X OFIIR A
DIMHE % R L - BEME S, BHOYIERE T v M
TORMBERE TNV LT, RIS S WIZEER
B & F N EN B L S8 TP Te-GSAIZ X D EFfili L Tw 5
A, FORKR LS ROMETIZI05 BILE 55 BER %
Wd L&z FRESIEEICL-F Ny 77 — MikET
% CEEREE O MK RE 2 HRE L T 5. A EBEREE
7 v MIEMEHER % 17 - 7458, ml# & JERmeE s o
BlizidEEESR N, EMmMEANTORFEEICL S
2o el FHEEE L T 7, MRS & 2 FFMiRa B JRRRHE
Pz LA g Rz ol e E R o7 T
B M FHERE C O BRI BB TH b 1E & ek LTORF
MAaREE b BEL ko7, WO F+—& L THRIAF
E, ZRUCLAFEEICNZEMmIZ L 2mEESINHSLZ L
(20, EERESBNERET<ETHSHM, "Tc-GSA
2 ORBEICE LT IS 2 @R i ZFHnTT e T, F%b
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